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Chapter 10. Viewing, Reporting and Ground Truthing the
Results

10.1 Guidance for Reporting Loss Results

There is no single format that is appropriate for presentation of loss study results. The
format will depend on the use of the results and the intended audience. The audience can
vary from the general public to technical experts. Decision makers such as city council
members and other government officials may require only summaries of losses for a
region. Emergency response planners may want to see the geographical distribution of
all losses and damage for several different earthquake scenarios. HAZUS provides a
great deal of flexibility in presenting results. Results can be presented in a tabular or map
form - which maps or tables are selected for reports will depend on the application. In
any case, the users of the results should be involved from the beginning in determining
the types and formats of the results that best suit their needs.

In previous loss studies, authors of reports have had the difficult task of trying to combine
the study results with the theory of how they were calculated. Consequently, reports
often seemed overly technical, reducing their readability and usefulness for many
audiences. HAZUS users can refer to the Technical Manual that describes all of the
theories and equations that provide the basis of any loss estimate. Thus reports do not
need to, and probably should not, include technical discussions of theory. Instead,
reports should focus on describing results in non-technical language that is easily
understood by the intended audience.

While no particular format for presenting results can be recommended, several general
statements about reporting of results can be made. Reports should serve to clarify the
meaning of the loss estimates. As an example, the reporting of economic loss should
indicate whether both direct and indirect losses are included in the estimates. The report
should indicate whether losses are due only to structural and non-structural damage or if
they also include monetary losses resulting from loss of function. Casualty reports
should indicate that casualties include only those that result from building damage and
bridge collapse and do not include injuries and deaths from fires, flood, hazardous
material releases or medical causes such as heart attacks. It should be clarified that in
most cases losses are not calculated for specific buildings or facilities, but instead are
based on the performances of entire classes of buildings and lifelines. These are just a
few examples of the types of clarifications that should appear in reports.

Reports should also clarify for the reader what assumptions were made in developing the
scenario and inventory and in calculating losses. For example, were losses based on
default inventories or were default inventories augmented? Were default repair costs and
repair times used? If not, what values were used? Were soils maps provided or were
results based on a default soil type? What assumptions were made in selecting the
scenario earthquake? Is it based on an historical event? Is it based on a specified
probability of occurrence (e.g. 10% chance in 200 years)? What types of assumptions
were made about design and construction quality?

HAZUS 99 User's Manual



10-2

A criticism of past studies is that there has been little qualitative or quantitative treatment
of uncertainty. Discussions with users of previous studies have indicated that users need
information about where errors in prediction are most likely to occur. While this
methodology does not explicitly include a technique for carrying the uncertainty of each
variable through the entire calculation from PESH input to loss estimates, sensitivity
analyses are useful for providing bounds on loss estimates (see Section 9.8). At a
minimum, reports should make some statement about the uncertainty of the input values.

10.2 Module Outputs

Each of the modules of HAZUS provides the user with a series of outputs. The outputs
can be in a numerical or graphical form. Some of the modules yield intermediate results
that are used as inputs to other modules. For example, the PESH module determines
ground motion at different locations for a specified earthquake scenario. This
information by itself may not be very useful for hazard mitigation and emergency
planning. However, the results of the PESH module are used as an input to determine the
damage to structures in the Direct Physical Damage module. In the following sections,
summaries of the outputs of the modules are provided.

10.3 Potential Earth Science Hazards

HAZUS provides information about the expected ground shaking response for a specified
event in the given study region. The user may specify a deterministic scenario event. For
the purposes of emergency response and preparedness, a scenario event is commonly
used to estimate earthquake consequences and losses. The user can also opt for a pseudo-
probabilistic approach that can be used to compute expected annual losses. This type of
approach may be useful for comparing mitigation strategies. Finally the user can use an
existing ground motion map prepared by an expert.

Table 10.1 summarizes the module outputs for these three options. In all three cases, the
user is provided with ground shaking in the study region characterized in terms of peak
ground acceleration (PGA) and spectral accelerations (5% damping) at two specific
structural periods (0.3 and 1.0 seconds).

Table 10.1 PESH Module Outputs - Ground Motion/Site Effects

Component Description of Output Measure
Deterministic Event | HAZUS determines census tract ground motion and a) Cepsus Tract Ground
develops region-wide ground motion contour maps Shaking
based on a user-defined scenario event. b) PGA Contour Maps
c) Spectral Contour Maps
USGS Probabilistic | HAZUS includes spectral contour maps at two a) PGA Contour Maps
Seismic Hazard seismic hazard levels: 2% probability of exceedance | b) Spectral Contour Maps
Maps in 50 years and 10% probability of exceedance in 50
years
User-Supplied The user supplies region-wide ground motion contour | 2) CCI}SUS Tract Ground
Ground Shaking maps which are used as the ground motion inputs to Shaking
Maps HAZUS b) PGA Contour Maps
c) Spectral Contour Maps
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For identified susceptible areas, HAZUS provides information concerning the probability
of an expected level of permanent ground deformations (PGD) due to the specified
scenario event. In this methodology, permanent ground deformation is defined as
liquefaction, landsliding and surface fault rupture. PGD are important in estimating
losses to and functionality of lifelines. Table 10.2 summarizes the ground deformation
outputs of the PESH module. PGD are reported in terms of contour maps of ground
deformations (in meters) or site specific PGD.

Table 10.2 PESH Module Outputs - Ground Deformation

Component Description of Output Measure
Liquefaction HAZUS determines the probability of and expected |a) PGD Contour Maps
level of permanent ground deformations for b) Location-Specific PGD

liquefaction susceptible sites during the
deterministic, probabilistic, or user-defined event.

Landsliding HAZUS determines the probability of and expected |a) PGD Contour Maps
level of permanent ground deformations for b) Location-Specific PGD
landsliding susceptible sites during the deterministic,
probabilistic, or user-defined event.

Surface Fault HAZUS determines the probability of and expected |a) PGD Contour Maps
Rupture level of permanent ground deformations for surface |b) Location-Specific PGD
fault rupture susceptible sites during the
deterministic, probabilistic, or user-defined event.

Outputs of the PESH module can be accessed from the Results|Ground Motion menu
(See Figure 10.1). Ground motion maps can be viewed in two forms: census tract-based
or contour maps. To generate census tract-based maps, HAZUS evaluates the ground
motion at the census tract centroid and then assigns the value to the census tract. The
census tract- based information is used to derive the damage and loss estimates for the
general building stock. Contour maps that are generated by HAZUS are for display
purposes only. Contour maps that are digitized and entered by the user can be used for
further computations. From the Ground Motion or Failure menu (see Figure 10.1), you
can plot a variety of maps by choosing one of the options: Ground Motion (By Census
Tracts) or Contours or Ground Failure Maps. For the Ground Motion (By Census
Tracts) option, as shown in Figure 10.2, you can generate acceleration, displacement,
velocity, PGV or PGA maps by clicking on the appropriate column of data and then
clicking on the Map button. Examples of these maps are found in Figures 10.3 and 10.4.
For the Contours or Ground Failure Maps option, you may plot any of the parameters
shown in Figure 10.5 provided that you have already run the specific analysis that you
want to plot. Click on your choice in Figure 10.5, followed by the Map button.
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Figure 10.1 Accessing PESH module results.
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Figure 10.2 Selecting site-specific data generated in the PESH module
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Figure 10.4 Map of peak ground acceleration by census tract.
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Figure 10.5 Window to select PESH contours for mapping.

10.3.1 Ground Motion Descriptions

Many of the earlier regional loss estimation studies and methods have based losses on
MMI and isoseismal maps (maps showing areas of constant MMI). In HAZUS, PGA,
PGV and SA characterize ground shaking. The use of spectral acceleration allows
HAZUS to account for possible amplification of building motion and consequently
damage due to sympathetic response of a building to the earthquake motions.
Sympathetic response of a building (or amplification of building shaking) is similar to
what you experience when on a swing. If you pump your legs at a certain frequency, the
swing will go very high and very fast. If the ground motion shakes the building at a
certain frequency the building will experience amplification of its motions. Fast shaking
excites short buildings and slower shaking excites tall buildings. Presenting ground
motion in terms of spectral velocity and spectral acceleration gives information about the
frequency of the ground shaking. This in turn can be used to determine which buildings
(tall or short) are most excited and thus most damaged by a particular earthquake.

10.4 Direct Physical Damage - General Building Stock

The direct physical damage module of HAZUS provides information about the level of
damage to the study region's general building stock. Damage to the general building
stock is not evaluated on a building-by-building basis. Instead, damage is estimated and
reported for groups of buildings in each census tract. Damage to the general building
stock is defined in terms of the probability that a specific model building type will reach
or exceed a specified level of damage when subjected to a given level of ground motion.
Damage estimates are then converted in other modules into monetary losses and social
losses such as casualties and shelter demands (see, for example, Figure 10.6).

Losses such as the costs of reconstruction, the length of business interruption, the number
of people needing shelter and the severity of injuries and number of casualties all depend
on the severity of the damage. While estimation of social and economic losses is the
ultimate goal of a loss study, some knowledge of the geographical distribution of damage
may be helpful in planning for post-earthquake response or in determining strategies for
mitigation, for example, if the scenario identifies a particular area where a large number
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of buildings are likely to collapse, planning for rescue efforts in this area may be
important.

Losses Due to Building Damage_ Losses Due to Business Interruption

repairing building rental costs
replacing building relocation costs
contents losses lost income
inventory losses

Damage

Estimates

Social Impacts / Life Safety Consequences

short-term shelter needs
long-term shelter needs

casualties

Figure 10.6 Losses calculated from damage estimates.

Damage is described by five damage states (none, slight, moderate, extensive and
complete) that are defined in detail in Section 9.4.2. Estimates of earthquake damage are
provided in terms of damage state probabilities or building count. For a specified
earthquake, the user is provided with the probability of a structural type experiencing a
certain level of damage. For example, for a given earthquake, wood frame structures
may have a probability of 0.9 of experiencing no damage and a probability of 0.1 of
experiencing slight damage. As shown in Table 10.3, damage state probabilities are
provided for structural as well as non-structural damage, where as building counts are
only provided for structural damage. To provide the most flexibility to the user, the
module delivers damage state probabilities for model building types, specific occupancy
classes and general occupancy classes. Results are available in a tabular or map format.
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Table 10.3 Direct Physical Damage Module Outputs - General Building Stock

Component Description of Output Measure
Model Building HAZUS determines the damage state probability for a) Structural Damage
Type each model building type (36) by census tract in the State Probabilities
study region. Results are presented for each design level b) Non-structural
and construction quality bias. Damage state probabilities Damage State
are determined for 1) structural elements, ii) non- Probabilities
structural drift-sensitive elements, and iii) non-structural | ¢) Structural Damage
acceleration-sensitive elements. State Building Counts
General Building HAZUS determines the damage state probability for a) Structural Damage
Type each general building type (7) by census tract in the State Probabilities
study region. Results are presented for each design level b) Non-structural
and construction quality bias. Damage state probabilities Damage State
are determined for 1) structural elements, ii) non- Probabilities
structural drift-sensitive elements, and iii) non-structural | ¢) Structural Damage
acceleration-sensitive elements. State Building Counts
Specific Occupancy | HAZUS determines the damage state probability for a) Structural Damage
Class each specific occupancy (28) by census tract in the study State Probabilities

region. Results are presented for each construction
quality bias. Damage state probabilities are determined
for 1) structural elements, ii) non-structural drift-sensitive
elements, and iii) non-structural acceleration-sensitive
elements.

b) Non-structural
Damage State
Probabilities

¢) Structural Damage
State Occupancy
Counts

General Occupancy
Class

HAZUS determines the damage state probability for
each general occupancy (6) by census tract in the study
region. Damage state probabilities are determined for I)
structural elements, ii) non-structural drift-sensitive
elements, and iii) non-structural acceleration-sensitive
elements.

a) Structural Damage
State Probabilities

b) Non-structural
Damage State
Probabilities

¢) Structural Damage
State Occupancy
Counts

The Results|General Building Stock menu option is used to assess the output of the
damage module. Results are provided in a tabular format (see Figures 10.7 and 10.8) or
in a map form (Figures 10.9 through 10.11). In both cases the following information can
be displayed:

e Probability of none, slight, moderate, extensive or complete structural damage,
acceleration sensitive non- structural damage or drift sensitive non- structural damage.

e Probability of at least slight, at least moderate, at least extensive for structural or
either type of non-structural damage.

To thematically map a given value, select its column by clicking on the header, and then
clicking Map. Click on Return|Return to Table to go back to the dialog that displays
tabular results.
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Figure 10.7 Damage state probabilities by general occupancy.
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Figure 10.8 Damage state probabilities by general building type.
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Figure 10.10 Map of moderate structural damage for retail trade (COM 1).
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Figure 10.11 Map of moderate non-structural drift sensitive damage for retail trade
(COM 1).

10.5 Direct Physical Damage - Essential Facilities

HAZUS provides information about the damage state probability of the study region's
essential facilities. In contrast to the general building stock, where damage probabilities
are calculated for groups of buildings, for essential facilities the damage probabilities are
estimated for each individual facility. As with the general building stock, the damage
states are none, slight, moderate, extensive and complete. Both structural and non-
structural damage is considered. As can be seen in Table 10.4, damage state probabilities
are estimated for health care facilities, police and fire stations, emergency operation
centers and schools. In addition, loss of beds and facility functionality is computed as a
function of time for health care facilities.

Output of the essential facilities damage module can be obtained by using the
Results|Essential Facilities menu. As with the general building stock, results are
provided in a tabular format or in a map form. An example of the functionality of health
care facilities is found in Figure 10.12. To thematically map a given value, select its
column by clicking on the header, and then clicking Map. Click on Return|Return to
Table to go back to the dialog that displays tabular results.
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Table 10.4 Direct Physical Damage Module Outputs - Essential Facilities

Facility Type

Description of Output

Measure

Health Care Facilities

HAZUS determines the damage state probabilities
for each health care facility in the study region.
Damage state probabilities are determined for

i) structural elements, ii) non-structural drift-
sensitive elements, and iii) non-structural
acceleration-sensitive elements.

The expected reduction in available beds for each
facility is also determined.

a) Structural Damage
State Probabilities

b) Non-structural Damage
State Probabilities

c) Loss of Beds and
Facility Functionality

Police/Fire Stations

Emergency Operations
Centers

Schools

HAZUS determines the damage state probabilities
for each facility in the study region. Damage state
probabilities are determined for

1) structural elements, ii) non-structural drift-
sensitive elements, and iii) non-structural
acceleration-sensitive elements.

a) Structural Damage
State Probabilities

b) Non-structural Damage
State Probabilities

c) Functionality @ Day 1

Essential Facilities Analysis Results

Medical Care I Ermergency Response | Schools |
Tahle type: IFunl:tiDnaIity j
— Tahkle:
D | Class | @Day0 | #BedsD0 | @Day1 | #BedsD1 | @Day3 | #BedsD3 | @ =
1 |1 EFHM 22.00 28 2304 29 2920 a6 =]
10 (10 EFHL 55.00 300 59.04 306 E5.19 338 :I
11 |11 EFHM 79.00 a7 7962 ag 8324 10z
iz |12 EFHM 34.00 26 3214 27 41.584 32
13 |13 EFHS 45.00 22 4514 22 5284 25
14 |14 EFHL 29.00 43 3014 a0 3685 B2
15 |15 EFHS BE.00 22 BE.90 23 7220 25
16 |16 EFHL 26.00 141 2714 147 3385 183
17 |17 EFHM 41.00 39 4218 40 4917 47
18 |18 EFHL F2.00 118 3314 123 3954 147
1a |13 EFHL 57.00 190 58.04 193 £419 214
2 2 EFHL 29.00 194 50.00 197 B5.86 216
o0 |20 EFHL 23.00 kT 2409 39 3052 43
* 2 EFHM 23.00 13 24.04 13 3020 17 ]
> |22 EFHM E3.00 75 E3.85 75 7488 &1 -"E-i
o5 23 EFHM 400 3 433 3 653 4 -E-I
< | J12 )
Close | bdap Erint... |

Figure 10.12 Functionality of health care facilities.

10.6 High Potential Loss Facilities

High potential loss facilities tend to be unique and complex facilities that would require
in-depth evaluation by structural and geotechnical engineers to assess their vulnerability
to earthquakes. These types of facilities are often designed to codes and standards that
exceed those for general building stock. Thus, the vulnerability curves that are used for
general building stock may be inappropriate for high potential loss facilities. It is likely
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that the user/engineer will need to define vulnerability curves that are specific to these
facilities. Furthermore, often the owners of these facilities have already performed in-
depth, site-specific seismic hazard analyses. For these reasons, HAZUS is limited to
providing information concerning the location of the study region's high potential loss
facilities (see Table 10.5). This can serve as a first step in developing mitigation and
preparedness efforts. You may opt to perform a vulnerability analysis of a specific
facility, and include the results of the special study with the results of the methodology.
Locations of and details about high potential loss facilities are found in the
Inventory|High Potential Loss Facilities|Inventory Data menu. Results for military
facilities are obtained through the Results|Military Installations menu.

Table 10.5 Direct physical damage module outputs - high potential loss facilities

Component Description of Output Measure

Dams HAZUS provides the locations of dams in the study List of and locations of
region. dams

Nuclear Facilities | HAZUS provides the locations of nuclear power List of and locations of
facilities in the study region. nuclear power facilities

Military facilities | HAZUS determines the damage state probabilities for @) Structural Damage
each facility in the study region. Damage state State Probabilities
probabilities are determined for b) Non-structural
1) structural elements, ii) non-structural drift-sensitive Damag; .S.tate
elements, and iii) non-structural acceleration-sensitive Probabilities
elements.

10.7 Direct Physical Damage - Lifelines

Lifeline systems are vital to the functionality of a community. Damage to these systems
after an earthquake can be devastating in terms of the health and safety of the citizens.
After the Great Hanshin earthquake in 1995, the water supply system was so severely
damaged that people had to rely on trucked-in water. Damage to railway and road
systems prevented emergency response personnel from bringing food, water and other
supplies into the region. Over 900,000 households were without electricity and 800,000
households without gas in the middle of winter. Damage to roads and blockages of roads
due to collapsed buildings prevented police, fire fighters and rescuers from fighting fires
and attending to the trapped and injured.

Losses to the community that result from damage to lifelines can be much greater than
the costs of repairing the systems. For example, damage to the Kobe harbor, one of the
busiest in Japan, stopped the import and export of materials that were essential to the
operation of many manufacturing plants in Japan. Factories were forced to close down
for lack of materials. Recovery of the region will depend to a great degree on how
quickly lifelines can be restored to full functionality. Therefore, assessment of the
vulnerability of lifeline systems is a very important part of developing regional
emergency preparedness and response plans.

In HAZUS, damage to lifeline systems is described in terms of damage to components.
Detailed systems analyses are not performed, although simplified system analyses are
performed for water systems and electric power. Damage is reported in terms of the
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probability of reaching or exceeding a specified level of damage when subjected to a
given level of ground motion or permanent ground deformation. Associated with each
damage state is a restoration curve that is used to evaluate the time required to bring the
system back to full functionality.

A probability of functionality is defined as the probability, given an initial level of
damage after the earthquake, of the component operating at a certain capacity after a
specified period of time. For example, a highway bridge might be found to have the
following probabilities of damage, based upon experiencing 0.6g peak ground
acceleration and 12 inches of permanent ground deformation.

e No damage 3% chance
e Slight damage 9% chance
e Moderate damage 20% chance
e Extensive damage 44% chance
e Complete damage 24% chance

Based upon this estimate of damage, the expected functionality of the bridge would be

14% functional after one day,

26% functional after 3-days,

34% functional after 7 days,

39% functional after 30 days, and

60% functional after a 3-month restoration period.

Another interpretation of these results is that after one day, 14% of the bridges of this
type would be functional and after 3 months, 60% of these bridges would be functional.
Interdependency of the components on overall transportation system functionality is not
addressed by the methodology. Lifelines are divided into transportation systems and
utility systems. Table 10.6 summarizes the outputs for each of the seven transportation
lifeline systems.

Table 10.6 Direct Physical Damage Module Outputs - Transportation Systems

System Description of Qutput Measure
Highway System a) HAZUS determines the damage state probability |a) Component Damage
Railway System for each transportation system component in the State Probabilities
Light Rail study region.

Bus

Ferry b) HAZUS determines the probability of functionality |b) Component
Port for each transportation system component at discrete Probability of
Airport time intervals. Functionality

Table 10.7 summarizes the outputs of HAZUS for the study region's utility system
components. A simplified system analysis is performed for potable water systems and
electric power systems. These analyses make simplified assumptions about the
serviceability of the systems based on the number of pipe leaks and breaks or the
functionality of medium voltage substations.
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Table 10.7 Direct Physical Damage Module Outputs - Utility Systems

System Description of Output Measure
Potable Water a) HAZUS determines the damage state probabilities a) Component
for each potable water component in the study region. Damage State

b) HAZUS determines the probability of functionality

for each potable water component at discrete time Probabilities
intervals. b) Complolnent
¢) HAZUS supports simplified potable water system Probability of
Functionality

lysis for the study region.
analysis for the study region ¢) # of Households

without water

Waste Water a) HAZUS determines the damage state probabilities a) Component
Natural Gas for each system component in the study region. Damage State
Crude and Refined Oil [b) HAZUS determines the probability of functionality e,
e . L Probabilities
Pipeline for each system component at discrete time intervals.
. b) Component
Communication Probability of
Functionality
Electric Power a) HAZUS determines the damage state probabilities |a) Component

for each electric power component in the study region.| Damage State
b) HAZUS determines the probability of functionality Probabilities

for each electric power component at discrete time b) Component
intervals. Probability of

c¢) HAZUS supports simplified system analysis for the Functionality
study region. c) # of Households

without power

Output of the lifeline module can be viewed in terms of damage states or in terms of
functionality and can be displayed in a tabular or map format. Figure 10.13 shows a table
of the damage to airport facilities for the study region. For each of the airports in the
study region (identified by ID number), the probability of being in one of the five damage
states is tabulated. For airport facility number 1, the probability of no damage is 0.22,
slight damage is 0.35 and moderate damage is 0.32. This information can be mapped, as
shown in Figure 10.14, by clicking on the Map button. Each airport facility is identified
by a symbol. The shape (or color) of the symbol is associated with a range of
probabilities. For example, if the symbol is square, the probability of slight damage is
between 0.34 and 0.35. Users familiar with ArcView, have the option of zooming in on
any area and viewing that area more closely as shown in Figure 10.15.
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Transportation Systems Analysis Results
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G ATELH 0.20 034 033 010 0.03 050
a |s ATEILH 019 034 034 010 0.03 051
a |9 ATELH 0.31 036 0.26 0.05 0.01 059
10 |10 ATELH 043 035 019 0.03 0.01 0.57
11 |11 AFH1 036 036 023 004 0.01 054
12 |12 AFH1 043 035 019 003 .01 057
13 |13 AFH1 0.21 034 033 0.9 0.03 0,79
14 |14 AFH1 0.34 036 024 0.05 0.01 066 =
15 |15 AFH1 0.30 036 027 0.06 0.01 0.70 7
186 |18 AFH1 016 032 036 012 0.04 054 >
4 | 3

Close I Map | Print__. |

Figure 10.13 Output of the lifeline module: damage to airport facilities.
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F_’(:'E'turn Edit

Scale [545.020 BT

Figure 10.14 Output of the lifeline module: map of probability of slight damage to
airport facilities for entire study region.

Beturn  Edit

Scale [310.220 1AL ¢

Origin: ((122.73, 45.44) dy Extent: (29.65, 25.87) krn Area: 76716 sq km =

Figure 10.15 Map of probability of slight damage to airport facilities for a portion of
the study region.

Figure 10.16 shows a table of the functionality of airport facilities at specified periods

after the occurrence of the scenario earthquake. According to this table, facility number 1

would be functional with a 63% probability immediately after the earthquake, and

functional with a 96% probability after 90 days. Functionality can be mapped, as shown
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in Figure 10.17, by clicking on the Map button. Facilities are mapped as “operational” or
“non-operational”. The user must specify a “confidence level” above which the facility is
considered operational. In Figure 10.18 the “confidence level” is chosen to be 75%,
indicating that if the probability of functionality is greater than 75%, the facility will be
considered operational. Based on this definition of operational, many of the airport
terminals near the epicenter will be non-operational the day after the earthquake.

Transportation Systems Analysis Results
Highway | Railway | Light Rail | Bus | Port | Eerry  Airport |
Table type: !Facilities Functionality j
—Lahle:
o | cess | atDayn | stDay1 | stDay3 | stDay7 aiDay30 | oiDay o0 =
1 1 ATETM 6278 £9.51 5489 90.20 9170 e
2 |2 ATEIM 46.45 5474 7330 7987 8272 o1 =]
E E ATETM 6017 6732 5330 88587 90 55 95
4 |4 ATETM 5514 2.81 79.95 56.00 5307 a4
5 |s ATETM 46 57 5495 7348 50.05 5288 91
g6 |5 ATEIM 5688 5439 8117 57.04 5395 94
7|7 ATE1M 5592 56.20 8251 8514 89497 95
g5 |5 ATETM 5185 5925 7578 5 67 5438 az
g |9 ATETM 5535 £3.05 5030 5634 5536 94
10 |10 ATEIM 5205 5998 776 34.00 8534 93
11 |11 ATE1M 5438 5155 7755 8323 8574 93
12 |12 ATETM 6054 &7.70 8371 5929 a0.91 a5
13 |13 ATETM 55.07 £4.85 79.89 5535 5757 94
14 |14 ATEIM 6552 7230 85.80 9152 93.09 96
15 |15 ATE1M 54 53 7114 85.08 9124 9258 ng
15 |16 ATETM 7125 76.92 5963 3401 94 95 9?§‘i
| | »
Close | Map | Print... |

Figure 10.16 Output of the lifeline module: functionality of airport facilities
reported by number of days since the occurrence of the earthquake.
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Functiunohity Themalic

Figure 10.17 Selection of confidence level.

BEeturn  Edit
— Scale [577.410 %R Y

«1 Day 1 Functionality -
(&) Functional (== 75 )
(p Mon Functional (= 75 )

«1 Srbndry.shp

Figure 10.18 Output of the lifeline module: map functionality of airport terminal
buildings.

HAZUS 99 User's Manual




10-20

10.8 Induced Physical Damage

HAZUS includes information about earthquake-related flooding to enable users to design
programs to reduce the likelihood of dam or levee failure and to prepare to cope with
those floods that may occur. Development of inundation maps requires an understanding
of the downstream topography and the involvement of an experienced hydrologist. In the
case of tsunamis, inundation models are complex and are in many cases still in the
development stage; therefore, HAZUS does not produce inundation maps. Instead, as a
first step in assessing the risk to a study region, all dams and levees are identified. The
existing national inventory of dams that is provided with the software includes a hazard
classification (low, significant, high) based on the downstream urban development and
potential economic loss. The potential for tsunamis and seiches are assessed (by the user
outside HAZUS) without any estimate of size or consequence. Table 10.8 summarizes
the outputs that are available from HAZUS.

Table 10.8 Induced Physical Damage Module Outputs - Inundation

Component Description of Output Measure
Tsunami a) The methodology provides rules to determine |a) Qualify Potential
if tsunamis are a threat to the study region. Threat
b) The user can import existing tsunami
inundation maps and overlay with population |b) Exposed Population
and economic value maps. Exposed Value ($)
Seiche a) The methodology provides rules to determine |a) Qualify Potential

if seiches are a threat on any body of water in
the study region.

b) The user can import existing seiche
inundation maps and overlay with population
and economic value maps.

Threat

b) Exposed Population
Exposed Value ($)

Dam Failure

a) HAZUS displays the location of all dams in
the study region and (for the default database)
ranks the potential impact of the dam failure.

b) The user can import existing dam failure
inundation maps and overlay with population
and economic value maps.

a) List of and Locations
of Dams and
Quantification of
Potential Hazard

b) Exposed Population
Exposed Value ($)

Levee Failure

a) HAZUS displays the location of the levees in
the study region.

b) The user can import existing levee failure
inundation maps and overlay with population
and economic value maps.

a) List of and Locations
of Levees

b) Exposed Population
Exposed Value ($)

For all four inundation types, HAZUS has the ability to import existing inundation maps.
These can then be overlaid with population density maps or maps of inventory to estimate
exposed population and exposed inventory. The output of the inundation module is a
display of the inundation maps that were specified in the data window shown in Figure
9.32.  An example is shown in Figure 10.19. To access this map, use the
Map|Inundation Maps|Dams menu. This map can be overlaid with population data to
obtain an understanding of the exposed population, as shown in Figure 10.20.
Alternatively, you can view a table of population, value and area exposure by census tract
using the Results|/Inundation menu (see Figure 10.21). This output is only available if
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an inundation map has been specified. Highlighting the appropriate column and clicking
on the Map button can map any one of the outputs in Figure 10.21.

File Inventory Hazard Analysis Results Query Window Map Help

Scale |662.030

«1 Dam inundation susceptibility | =

B Hich
Significant
Law
[ All others e,
«1 Srbndry.shp s fmn —
) e I
r . = -|
e g . l <
L C
e _/
7

Figure 10.19 Display of inundation potential map.

Beturn  Edit

Scale |662.030

«| Population
I 5500 - 10100
3400 - 6800 I
L=y \5353'\?:\\

A
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N

Figure 10.20 Population data overlaid with the inundation potential map.
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Inundation Analysis Results

Qams' Tsunami | Seiche | Levees |

—Tahle: Exposed population, value, and area from dams inundation

I Cenzus Tract | Population I Walue (thous. §) | Residertial (thous. sq.11) | Commercial (thous. 5.1 | Incustrial it

Figure 10.21 Tabulation of exposed population, value and area resulting from
inundation map.

Assessment of the consequences of a hazardous materials release requires an
understanding of the amounts and types of materials that are released as well as, in some
cases, a model of a gaseous plume. A single facility may house many toxic and
hazardous materials. Without visiting a facility, assessing the vulnerability of the
structure and auditing how materials are stored, it is impossible to give a meaningful
estimate of risk. Therefore HAZUS does not perform any analysis on hazardous.
Locations of hazardous materials facilities can be mapped and overlaid with ground
motion, population and inventory maps. This can provide a preliminary assessment of
consequences, which can then be followed up with detailed site-specific studies. In
addition, the hazardous facility database can be sorted in a variety of ways allowing the
user to view only certain types of materials, facilities with large amounts, highly
vulnerable facilities, etc. Table 10.9 summarizes the information available from the
hazardous materials module.
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Table 10.9 Induced Physical Damage Module - Hazardous Material Release

Component Description Measure
Hazardous a) HAZUS provides the location of the a) List of and Locations
Materials hazardous material facilities located in the of Facilities Containing
Facilities study region. Hazardous Materials

b) HAZUS provides the types and amounts of
hazardous materials stored at each location
and the health hazard associated with each
chemical.

¢) The user can overlay a map of hazardous
material facilities with ground shaking,
population, and economic value maps to
interrogate the consequences of release at a
particular site.

b) Type/Amount of
Material Stored at Each
Facility

There us no output for the hazardous materials module. The inventory information can
be accessed using Inventory|Hazardous Materials. Form Hazardous Material database
you can get a listing of the materials and plots of locations of sites as shown in Figures
10.22 and 10.23. Clicking the Map button at the bottom of Figure 10.22 generated the
output shown in Figure 10.23. The information in the small box at the left-hand side of
Figure 10.23 was retrieved using the information tool (i) in the ArcView Main menu. By
using the information tool and clicking on any one of the sites, you can access all of the
stored data for that site.

HAZUS 99 User's Manual



10-24

Hazardous Matenals Inventory |

— Table:
8} Maime Allres =
529 |929 (EAGLE FOUMDRY CioQ. 23123 S E EAGLE CREEK RD. =
530 [530 ELECTROMIC COMTROLS DESIGHN IMC 13626 5. FREEMAN RD. =
531 |53 MILES FIBERGLASE & PLASTICE IM 1516 MAIN ST,
532 [532 | MILE= FIBERGLASS & PLASTICS IM 1516 MAIM =T,
533 |9533  PED MFG LTD. 13963 FIR =T,
534 534 |SMURFIT NEWSPRINT CORP. 419 MAIM ST
535 935  |SMURFIT NEWSPRINT CORP. 419 MAIN =T
536 [536  |SMURFIT NEWSPRIMNT CORP. 419 MAIM =T,
537|937 SIMPSON PAPER CO. 4500 MILL ST.
235 |955% SIMPSON PAPER CO. El%] MILL =T,
£39 [939  SMPZON PAPER CO 4500 MILL ST.
540 (540 | COCA-COLA BOTTLIMG CO, OF OREG g7a0 5N, BARBER =T.
541 [541 MCCLURE INDUSTRIES IMC. 9051 5.E. 55TH AWE.
542 942 MCCLURE INDUSTRIES IMC. 9051 S.E. 55TH AWE.
s43 [543 |OECD CORP. 4607 = E. INTERMATIOMAL WWAS é
Sd4 |544  OECO CORP. 4507 S.E. INTERMATIOMAL WAy i
<] | 11|
Cloze tap | Frirt. ..

Figure 10.22 Default hazardous material database.
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Beturn  Edit

:’ Map View

¥ HAZMAT shp | &
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+1 Srhndry.shp
[

LI ldentify Results

8 1 HAZWMAT shp - (MNP T b5 -
! — | Mame NTELCOR
Address ReNOMNEELS
City HILLEBORO
State 8]
Zipcode 57124
Contact FOBERTFF
Fhone H03RYRE25E
Cas 00007R1A1
Chem_name | FREOM113
| . Chem_guant i 0
* || Sic 3073 -
Clear | _clearan | [ 4] | » |

Figure 10.23 Map of default hazardous materials database

Another feature of HAZUS is that you can query the database and plot specific types of
data. In Figure 10.27, all of the sites at which ammonia or chlorine are stored have been
identified and are plotted as large triangles. This was done using the Query menu.

To create such a map, follow these steps. Plot the hazardous materials database for your
region using the Map button at the bottom of the window shown in Figure 10.22. Then
click on the Return menu at the upper left-hand corner of the map. Click on Return to
Table. Close the table using the Close button at the bottom of the window (see Figure
10.22). Click on the Query|Query menu and the dialog box shown in Figure 10.24 will
appear. By double clicking on different selection parameters and using various pull down
menus, you can create a query from the table called HAZMAT.
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& HAZMAT.shp

Fields Yalues
[Zipcode] [ "BENZENE" N
[Contact] BT YL AP AT B!
[Phone] VELTYL BENZYL PHTL
Cas W

m "CHLOROTHALOMIL"
[Chem_guani] | "CHROMILIRA" LI
[Sic] LI

¥ Update Values

[ [Cherm_name] = "AMMOMNIA" ar -
([Cherr_name] = "CHLORINE" )

Add To Set |
- Select From Set |

Figure 10.24 Developing a query to identify sites that store ammonia or chlorine.

The facilities that satisfy the selection criteria will appear highlighted on the inventory
map as shown in Figure 10.25.

File Inventory Hazard Analysis Results Query Window Map Help

Scale |498,E?2

F

+| Srbndry.shp
[

Figure 10.25 The result of the query

A complete Fire Following Earthquake Model requires extensive input including the
types and density of fuel, the number of fire fighting apparatus, the functionality of the
water system, the occurrence of hazardous materials releases, wind conditions, and
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others. To simplify the input, HAZUS limits the analysis to an estimate of the number of
ignitions, an estimate of the size of the potential burned area, and estimates of exposed
population and exposed inventory.

Table 10.10 Induced Physical Damage Module Outputs -
Fire Following Earthquake

Component Description of Output Measure
Ignition a) HAZUS determines the expected number of a) Number of
fire ignitions by census tract for the study region. ignitions
Burned Area a) HAZUS determines the expected burned area | a) Percentage of
by census tract for the study region. Burned Area
b) Expected burned area is combined with b) Exposed
population and economic value to estimate Population
exposed population and inventory. Exposed Value ($)

The outputs from Fire Following Earthquake Model are presented in HAZUS in a table
as shown in Figure 10.26. For each census tract in the study region, the following values
are displayed:

Best estimates of the percent of the census tract that has been burned

Standard deviation of the estimate of percent of burned area

Number of ignitions in the census tract

The population in the census tract that is exposed to fire (% burned area X total
population in census tract)

e The value of inventory (in dollars) in the census tract fire exposed to fire (% burned
area X total building value in census tract)

Fire Following Analysis Results
—Tahle:
Census Tract | Burrt Ares | Sigma I Mumber lgnitions | Population Exposed | “alue Exposed (thous. §) _Z.J
i 41005021700 .06 06 1) 352 18,2707 é‘
22 41005021500 527 1.0 1 454 202227 :I
23 41005021900 591 1.0 1) 163 59734
24 (41005022000 291 1.0 1) 361 14,3437
25 (41005022101 242 1.0 1] 157 5,691.2
26 (41005022102 1.45 1.0 1 108 10,522.7
27 (41005022201 .00 oo 1] 1) oo
28 [41005022202 .00 oo 1] 1] oo
29 [41005022300 7.35 0.4 1 01 19,213.8
30 (41005022400 .00 oo 1] 1] oo
3 41005022500 23 0.3 1 158 70232
32 41005022600 1.26 1.0 1 108 4 662.3
33 (41005022701 1.57 1.0 1 116 §,505.5
34 [41005022702 260 0.4 1] 118 6,265.1
35 [41005023200 .00 oo 1] 1) oo
36 (41005023300 .00 oo 1] 1) oo
37 (41051000100 211 1.0 1 284 17,232.4
38 (41051000200 .00 1.0 1 1] o0
39 (41051000301 .00 o0 1] 1] o0
40 (41051000302 13.46 01 1 92 430652 ;!
H 41051000401 .00 o0 1) 1] oo —3-{
Close I ap | Print... |

Figure 10.26 Output of fire following earthquake module.
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Highlighting the column and then clicking on the Map button will map any of the
columns in Figure 10.26. The “Burnt Area (%)” column has been mapped in Figure
10.27. A summary report of the output of the Fire Following Earthquake Model can also
be printed to the screen or to a printer.

Scale [527.604

1 Burnt Area (%) -
ez 0.20 - 2.25

£ 0.15-0.20
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=
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=]
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[
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Figure 10.27 Map of percent of each census tract burned.

HAZUS provides information about the debris generated during the seismic event to
enable users to prepare and to rapidly and efficiently manage debris removal and
disposal. As shown in Table 10.11, two types of debris are identified: (1) reinforced
concrete and steel that requires special equipment to break it up before it can be
transported, and (2) brick, wood and other debris that can be loaded directly onto trucks
with bulldozers. For each census tract, HAZUS determines the amount of debris of each
type that is generated.

Table 10.11 Induced Physical Damage Module Outputs - Debris

Component Description of Output Measure
Brick, Wood & a) HAZUS determines the expected amount of a) Weight of Debris
Others brick, wood, and other debris generated in each Generated

census tract of the study region.
Reinforced a) HAZUS determines the expected amount of a) Weight of Debris
Concrete & Steel reinforced concrete and steel debris generated in Generated

each census tract of the study region.

In HAZUS, debris results will appear as a table, as shown in Figure 10.28, that can be
printed to the screen or the printer. In addition, you will be able to map by census tract
the weight of generated debris using the Map button, as shown in Figure 10.29.
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720
280
1287
2972
a0 66
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Close I
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Figure 10.28 Output of the debris module in thousands of tons per census tract.
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Figure 10.29 Weight of generated debris (brick, wood and other) by census tract.

10.9 Direct Economic and Social Losses

HAZUS provides information concerning the estimated number of displaced households
and persons requiring temporary shelter to enable the design of programs to temporarily
shelter victims.

Table 10.11 Direct Economic and Social Losses Module Outputs - Shelter

Component Description of Qutput Measure
Displaced a) HAZUS determines the expected number of a) Number of
Households displaced households by census tract in the study Displaced
region. Households

Temporary Shelter |a) HAZUS determines the expected number of people |a) Number of People
requiring temporary shelter by census tract in the Requiring Temporary
study region. Shelter

The total number of displaced households for each census tract of the study region is one
output of the shelter module. The number of displaced households is used to estimate the
short-term shelter needs. Short-term shelter needs are reported in the number of people
needing public shelter. The results, as displayed in Figure 10.30, are retrieved using the
Results|Shelter menu. As with all results, these can be thematically mapped by
highlighting a column and clicking on the Map button.
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Shelter Analysis Results
~Tahle:

Census Tract | Displaced Households | Short Term Shelter Meeds _zd

1 067032900 100 77 ,.%JI

2 41067033200 41 36 [ &
3 |41067033100 21 16
4 |41067033300 72 49
5 |41067032500 55 42
E 41067032101 12 g
T |4067032402 B 3
&  |4067032403 35 3
9 |41067032404 4 3
10  [41067032601 24 72
11 [H1067032602 a0 23
12  [#1031003902 33 21
13 [H1051003502 g4 51
14  [41051003501 g2 48
15  [41051003501 10 g
16 (41031003502 34 23
17 [H1051003803 10 g
18 [41051003301 g9 59

19 [#1067032000 &0 |

20 (41005022701 78 49 X

21 [H1067031901 32 177 -le
Close I hap Frint...

Figure 10.30 Output of shelter module.

The output of the casualty module is summarized in Table 10.12.

Table 10.12 Direct Economic and Social Losses Module Outputs - Casualties

Component Description of Qutput Measure
Casualties a) HAZUS determines the expected number of a) Number of
casualties for each casualty severity (treat/release, casualties for each of
hospitalized, life-threatening, death) by census tract the four severities
for the study region.

For each census tract, the following results (use Results|Casualties menu) are provided
at three times of day (2 AM, 2 PM and 5 PM) by occupancy type or by building type.

Residential casualties (severity 1, 2, 3 and 4)
Commercial casualties (severity 1, 2, 3 and 4)
Industrial casualties (severity 1, 2, 3 and 4)
Commuting casualties (severity 1, 2, 3 and 4)
Total casualties (severity 1, 2, 3 and 4)

As with the other output, highlighting the desired column and clicking on the Map button
will map the results.
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Caszualtiez Analyziz Results |

Might titne (2 AW Day time (2 PM}I Commute time (25 PR |
— Table: Day time cazualties [at 2 Phd]
Census Tract RES-Severity 1 | RES-Zeverity 2 | RES-Severity 3 | =
1 |4H1067033400 0.0 0.009 0.000 =
2 41067032800 0105 ooz 0.000 =
3 |41057032900 43 0.095 0.003
4 (41067033200 %TB 0.064 0.003
5 41067033500 0.053 0.005 0.000
£ (41067033600 0.094 0.009 0.000
T |41067033000 0.652 0.091 0.004
g [41067033100 0.395 0.050 0.002
9 (41067033300 0198 0.023 0.0
10 |41 0E7TO032500 0.622 0.081 0.004
11 41067052101 1.217 0179 0.011
12 41067052200 091y 012y 0.006 —
15 [#10670352300 0.4E5 0065 0.004 =
14 |[H 067032402 0180 0.0z2 0.0 =
< o
Cloze I Map | Print... |

Figure 10.31 Output of casualty module showing residential casualties at 2 PM.

HAZUS provides economic loss information to enable users to motivate policy-makers
to consider cost-benefit implication of mitigation activities. All default data for direct
economic loss estimates are provided in 1994 dollars. You will need to convert 1994
dollars to those that are valid when you run your study. Losses for lifelines are reported
separately from losses for buildings.
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Component Description of Output Measure
Repair and a) HAZUS determines the expected dollar loss a) Dollar Loss
Replacement due to the repair and replacement of the general
Costs building stock by census tract for the study

region.
Contents a) HAZUS determines the expected dollar loss a) Dollar Loss
Damage due to contents damage by census tract for the

study region.
Business a) HAZUS determines the expected dollar loss a) Dollar Loss
Inventory due to business inventory damage by census tract
Damage for the study region.

Relocation Costs

a) HAZUS determines the expected dollar loss
due to business relocation by census tract for the
study region.

a) Dollar Loss

Capital-related
Income Loss

a) HAZUS determines the expected business
income loss by census tract for the study region.

a) Dollar Loss

Wage Loss

a) HAZUS determines the expected wage loss by
census tract for the study region.

a) Dollar Loss

Rental Loss

a) HAZUS determines the expected dollar loss
due to the repair and replacement of buildings by
census tract for the study region.

a) Dollar Loss

Building loss estimates can be viewed by clicking on the Results|Buildings Economic
Loss menu. Building losses are summarized in terms of the seven General Occupancy
classes (Residential, Commercial, Industrial, Agriculture, Religious, Government and
Education), or in terms of the 28 Specific Occupancy Classes. As can be seen in Figure
10.32, the total direct economic losses for each census tract are reported. The total losses
include structural and non-structural repair, contents loss, relocation costs, proprietor’s
income loss and rental loss.

Losses also can be reported by type. The types reported are structural and non-structural
repair, total building costs (the sum of structural and non-structural), contents loss,
relocation costs, proprietor’s income loss and rental loss. These losses are reported by
census tract for each of the seven general occupancy classes as shown in Figure 10.33.
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Direct Economic Loss for Buildings PR; General Occupancy

Tutall by Type |

— Tahle: Total by General Occupancy [thous. §)

Census Tract Total Lozs | Residertial | Commercial |
1 06011000400 20,000 16,394 1,446
2 |08071 000300 B3 406 34 265 22 603
3 |O6011 000100 40,365 27 857 6,534
4 | 05071 000200 25 E72 3999 14 354
£ | 06011000500 30,383 15 866 11,369

< | 3
Cloze I Map | Frirt... |

Figure 10.32 Total building losses reported by general occupancy class

General Building Stock Economic Loss by General Occupancy
Total by Type |
Tahle type: iCDntents Loss (thous. §) j
—Tahle:
Census Tract | Total Loss | Residertial I Commercial I Inclustrial I Agricutture I Religious I Governme&l
1 41067032900 10,945 773 1,566 T35 a4 200 é‘
2 41067033200 8,525 4 506 2027 1,707 2 163 :I
3 41067033100 9606 5,504 1,929 1,377 9 216
4 41067033300 7941 6,501 467 246 29 18
5 41067032500 18,185 75682 5,251 1,843 25 169
5] 41067032101 6,795 3,583 1137 1674 28 178
7 41067032402 9,350 4 060 a6 4,265 28 a0
g 41067032403 7522 5,485 1,670 214 12 45
g 41067032404 6,053 5,528 257 245 1] 149
10 (41067032601 12,853 9,582 1,854 479 10 415
11 41067032602 13,757 9,445 1,623 2,082 18 190
12 [41051003902 4,015 3,275 BO7 a0 1] 30
13 [41051003502 4265 2,755 1,072 267 1] 147
14 (41051003501 4 653 3,725 245 283 5 62 |
15 [41051003501 4 645 24595 1,144 32 1 132 ‘-EJ
16 (41051003502 4413 3,745 00 a6 2 a0 ;
« | o
Close I ap | Erint |

Figure 10.33 Types of building losses reported by general occupancy class

The total loss of each type for all economic sectors can be viewed using the window
shown in Figure 10.34. This window differs from that shown in Figure 10.33 in that, for
example, the total cost of structural damage as reported in Figure 10.34 is the sum of the
contents damage for all of the seven general occupancies shown in Figure 10.33.
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Iotal' by Specific Occupancy |

—Tahle:

Cenzus Tract |C031 Structural Damage (thous. §) | Cost Mon-struct. Damage (thaus. § I Cost Building Damage (thous. § =
41005020100 3,032 13,442 164742
41005020200 4 396 25419 sa g7l
41005020301 3,806 24,540 25,346
41005020302 628 3,837 4 465
41005020401 428 2,290 2718
41005020402 9 552 37 605 47 290
41005020501 266 1,481 1,747
41005020502 2773 14083 16,556
41005020600 216 2,507 3,323
41005020700 257 1,442 1 599
41005020500 G803 30,733 3954
41005020900 2,850 13,367 16,317
41005021000 405 2438 2,543
41005021100 227 2,562 3,389
41005021200 429 2,585 3014
41005021300 4,105 17 028 21133 =
41005021400 435 2174 2,809;‘
41005021500 1521 5,223 B 7dd =
KN — >JJ

Close I

PBrint
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Figure 10.34 Types of building losses reported by census tract.
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Total by Specific Occupancy |

Qecupancy:  [REZ1 <

—Tahle:

41067032900
41067033200
41067033100
A1067033300
41067032500
41067032101
41067032402
41067032403
410671032404
41067032601
410670352602
41051003902
41051003502
41051003501
41051003801

4,719

a7
1,867
4551
4,257
1,261
1,724
1,490
2,366
8,270
4575
2524
2555
2415
1,025

19,283
3,768
10,234
18,926
18,251
7022
9,403
8170
12,966
25512
21,761
10,269
9,198
9,253
4558

24,002

Cenzus Tract |Cost Structural Damage (thous. §) | Cost Non-struct. Damage (thous. §) |C031 Building Damage (thous. § =

N

=

44552

12,101
23577
22 508

5,303
11,127

3660
15,332
31,782
26 B56
13,093
11 853

|
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Figure 10.35 Types of building losses reported by specific occupancy
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Finally, losses can be reported for each of the 28 specific occupancy classes for each
census tract as shown in Figure 10.35.

The loss estimates for lifeline systems are summarized in Table 10.14. These are
accessed through the Results|Lifelines Economic Loss menu.
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Table 10.14 Direct economic and social losses module outputs -
direct economic loss - lifelines

Component Description of Qutput Measure
Repair and a) The methodology determines the expected dollar a) Dollar Loss
Replacement Costs loss due to the repair and replacement of lifelines

components.

Figure 10.36 shows an example of a results window for transportation systems. Losses
are reported for each component of the system, for example, in this window, losses are
reported for each highway bridge. You can create similar reports for each type of
component and each type of lifeline by clicking on the tabs at the top of Figure 10.36 and
using the list box next to the label “Table Type”. The results in Figures 10.32 through
10.36 can be mapped by clicking on the Map button.

Transportation Systems Economic Loss Results
Highﬂayl Bailway | Light Rail | Bus | Port | Eerry | Airport |
Table type: iElridges j
— Takle:

I [ Class I Loss (thous. 3) =
ga7 837 HBRS 143 | £
g3g |83 HERS 1a3] &
38 534 HBERS 143
g40 |g40 HERS 332
g41  |a41 HERS 33
g42 [942 HBRS 33
843 [543 HBRS 36
g44  |[S44 HBRS 19
g45 [543 HBRS 18
g45 [346 HBRS 18
ga7 347 HBRS 23
gdg |54 HERS 126
49 |[349 HERS 114
g50_|ss0 HERS e
g51 |35 HERS Tl
g5z |85z HBRS M7=
g5 853 HBERS 17 ‘“;i

Close I tdap Erint...

Figure 10.36 Direct economic losses to lifeline components

10.10 Indirect Economic Impacts

HAZUS provides information concerning the indirect economic effects of the scenario
event to enable financial institutions and government planners to anticipate losses and
develop programs to compensate for them. The indirect economic impact information
also enables users to motivate policy-makers to consider cost-benefit implications of
mitigation activities.
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Table 10.15 Indirect economic impacts module outputs

Component Description of Qutput Measure
Economic Output |a) Indirect output loss as a percentage of original output | Percentage
Employment a) Indirect employment loss as a percentage of original Percentage
employment

Income a) Indirect income loss as a percentage of original Percentage
income

10.11 Summary Reports

The options to view summaries of the outputs of each of the HAZUS modules are:
Inventory, Building Damage, Lifeline Damage, Induced Damage and Losses as shown in
the Figure 10.37. You can pick the summary report from any of the windows below and
click on the View button to generate the report. Sample summary reports of building
damage by general occupancy and building stock exposure by building type are shown in
Figures 10.38 and 10.39. Additional information in these reports can be viewed by
scrolling to the right. Clicking on the print button can print reports.

HAZUS Summary Reports Ed |

[reeentary I Buildingsl Lifelinesl Ir'u:lu::edl Lu:-ssesl Other I

— Pleaze select the summary repart(z] to view:

Building Stock Dollar E=pozure by Building Tvpe ﬂ
Building Stock Dollar Exposure by Occupancy

Tranzportation Systems Dollar Expozure

tility Systems Dollar Esposure %

[~
Wi |

Cloze

Figure 10.37 Summary report selection window for inventory summary report.
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i HAZUS Summary Report =] E3
W ez ]| B|&|&| [0 =] #a|
Building Damage By General Occupancy
Cictober 25, 1922
Square Footage % Dami
[Thousand. sqft] Hone Slight
Oregon ] e
Clackamas
Agriculture 1,818 22h 19.29
C ommercial 34955 1627 1837
Education 2754 17.75 14565
Government =] 5671 14.23
Industrial 12,893 1553 14.50
R efigion 2061 12.75 16.21
. o PR p—— —— P— x
! | _'DI

Figure 10.38 Sample summary report of building damage by general occupancy.

A e ] Sl&E&| oo = [T 1#4|

Building Stock Exposure by Building Type

Cctober 29, 1930 b
Wood Steel Concrete Precast

Oregon |

Clackamas 10274093 820835 766,890 f47 570

ldultnomah 25547974 2,665,030 2871,63 1,965,661

\Washington 11779 454 1 088057 0R4 556 857 AA7
Total State 47,651,521 4,582,922 4,303,086 3,470,793
Total Study Region 47,651,521 4,582,922 4,303,086 3,470,793

-

| A7

Figure 10.39 Sample summary report of building stock exposure by building type.
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The 20 page Global Summary Report is a comprehensive standardized summary report
that provides inventory, hazard and analysis results related to the scenario event.
Selecting the Other tab as shown in Figure 10.40 will access the window that contains
the Global Summary Report.

HAZUS Summary Reports |

Inventu:ur_l,ll Euildingsl Lifelinesl In-:luu:eu:ll Logzes  Other |

— Please zelect the summary report(z] to wiew:

Global Surmmary Report -

zement Heport

[~
Wl |
Cloze |

Figure 10.40 The Global Summary report option

The Global Summary Report is organized as follows:

1. General Description of the Region
2. Building and Lifeline Inventory
2.A Building Inventory
2.B Critical Facility Inventory
2.C Transportation and Utility Lifeline Inventory
. Earthquake Scenario Parameters
4. Direct Earthquake Damage
4.A Buildings Damage
4.B Critical Facilities Damage
4.C Transportation and Utility Lifeline Damage
5. Induced Earthquake Damage
5.A Fire Following Earthquake
5.B Debris Generation
6. Social Impact
6.A Shelter Requirements
6.B Casualties
7. Economic Loss
7.A Building Losses
7.B Transportation and Utility Lifeline Losses
7.C Long-term Indirect Economic Impacts

w
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10.12 Ground-Truthing the Results

The analysis results obtained from HAZUS are the best estimates given the current state-
of-the-art earthquake engineering algorithms, but when a real earthquake event occurs,
the damage observed on the ground is the absolute.

Through the ground-truthing feature, HAZUS allows the user to feed it the real observed
data so that analysis results can get refined. For example, HAZUS uses the damage to say
the medical care facilities to calculate their functionality, but if the damage values can be
updated with real observed data, then HAZUS can use those new values to refine the
functionality analysis for said medical care facilities.

To use the ground-truthing feature, follow the steps below:
1. Run an analysis including all of the modules

2. By default, ground-truthing is off. To find out the current setting, select the
Analysis menu option as showing in Figure 10.41. The ground-truthing option
will either show as Ground Truthing Off or Ground Truthing On. Also, when
ground truthing is off, all of the results tables are non-editable (they show up in
blue.)

The ground truthing menu option is a toggle, so if the option is off, selecting it
will toggle the ground truthing to on.

M Besultz  Cluemy

Damage Functions
Restoration Functions

Parameters
Status File

Ground Truthing OFf

Buin...

Figure 10.41. The Ground Truthing option

Select the results table which you need to edit/ground truth

4. Right-click the table to invoke the data management pop-up menu. When ground
truthing is on, the option Edit results becomes enabled and can be selected as
shown in Figure below.
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E zzential Facilities Analysis RBesults

Medical Carel Emergency Response IS::hu:u:uIsI

T able bype:
— Table:
I | Mame I CICCUpEancy: |Nu:une| =
1 N IF'RD'\.-"IDENCE MILWALIKIE HOSPITAL EFHM [IRES
2 |2 WILLAMETTE FALL i oo EFHM 014
3 |: KAISER SLIMMY S Delete selectad recard(&] EFH 011
Impart databease,.
Synchromees o), R %
Analyziz [nformation
Dictionary
ol | 2+
| Cloze I Map | Errint... |

Figure 10.42 Ground Truthing option

5. Click on Edit results then all the result cells become editable (showing in black).

Edit the appropriate values as needed. When done, click Close and say yes to the
Data table changed. Save to file?
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E zzential Facilities Analysiz Results

Medical Carel Emergency Response ISI:hl:u:uIsl

Table type: IStructuraI damage j
— Table:
IC» I Parme: I CICCUpEancy | Mone I Slight I Mocers
1 |1 PROMWIDEMCE MILVWALIKIE HOSPITAL  EFHM 015 019 [
2 |2 I'MLL.E.METTE FALLS HOSPITAL IEFHr-.-1 014 oir L
3 |3 KAISER SUMMYSIDE MED CEMTER EFH 011 015 L

1] | 12
Cloze I tap | Frirt... |

Figure 10.44 Results table in edit mode

6. Re-run the analysis on the dependant modules (or if in doubt, run all modules).
HAZUS will use the entered values when needed. In the example above, if the
value for “Slight” is updated for the hospital ID 2, then this value and only this
value will be used. All the other values will be calculated by HAZUS as before.

Steps 3 through 6 can be repeated as many times as needed. The ground truthing mode
stays in effect until it is turned off explicitly. This allows the refinement of the results as
more observed data is fed into the HAZUS.

Note:

When the ground truthing option is turned off, all of the entered values are discarded.
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